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ABSTRACT 

Mercury, Gemini,  and Apo l lo  s p a c e c r a f t  have been  
d e s i g n e d  t o  p r o v i d e  a p u r e  oxygen a tmosphere  a t  a p r e s s u r e  
o f  5 p s i a .  A d e p a r t u r e  f rom t h a t  a tmosphe re  i n  the  AAP 
C l u s t e r  i s  u n d e r  c o n s i d e r a t i o n  f o r  two r e a s o n s :  t o  p r e v e n t  
p o s s i b l y  ha rmfu l  p h y s i o l o g i c a l  e f f e c t s  on crew members d u r i n g  
e x t e n d e d  m i s s i o n  d u r a t i o n s  and t o  r e d u c e  t h e  f i r e  h a z a r d  
a s s o c i a t e d  w i t h  a p u r e  oxygen env i ronmen t .  The d u r a t i o n  o f  
t h e  AAP 3/4 m i s s i o n  ( 5 6  d a y s )  e x c e e d s  by n e a r l y  a f a c t o r  o f  
2 t h e  maximum d u r a t i o n  i n  which humans have been  exposed  t o  
p u r e  oxygen a t  5 p s i a .  NASA/MM has recommended a 69% oxygen,  
31% n i t r o g e n  a tmosphere  a t  a t o t a l  p r e s s u r e  o f  5 p s i a  f o r  t h e  
Workshop, assuming t h e  CM ECS i s  r e t a i n e d  w i t h o u t  m o d i f i c z t i o n .  

Expe r imen t s  per formed i n  a t t empt s  t o  s i m u l a t e  t h e  
e f f ec t s  o f  m e t e o r o i d  p e n e t r a t i o n s  have i n d i c a t e d  a p o t e n t i a l  
f i r e  h a z a r d  due t o  s u c h  p e n e t r a t i o n s  i n  a p u r e  oxygen e n v i r o n -  
ment.  The a d d i t i o n  o f  a f i r e  r e t a r d a n t  l i n i n g  and /o r  e x t e r n a l  
m e t e o r o i d  bumper has been proposed  t o  a l l e v i a t e  t h a t  hazard .  

Although no  p h y s i o l o g i c a l  r e q u i r e m e n t  e x i s t s  f o r  a 
two-gas a tmosphere  on t h e  AAP 1 / 2  m i s s i o n ,  i t  may be d e s i r a b l e  
t o  p r o v i d e  one t o  a l l o w  a 28-day o p e r a t i o n a l  t e s t  o f  t h e  two- 
gas ECS b e f o r e  r e l y i n g  on i t  f o r  56 d a y s  d u r i n g  AAP 3/4.  
Q u a n t i t i e s  o f  n i t r o g e n  and a s s o c i a t e d  t a n k a g e  r e q u i r e d  to 
s u p p o r t  two-gas o p e r a t i o n s  d u r i n g  AAP 3/4 a l o n e  and d u r i n g  
b o t h  AAP 1 / 2  and 3/4 are  shown i n  accompanying t ab le s .  
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INTRODUCTION 

The ma jo r  p a r a m e t e r s  t h a t  d e f i n e  a nominal  s p a c e c r a f t  
c a b i n  a tmosphere  are t e n p e r a t u r e  a n d  c h e m i c a l  compos i t ion ,  and  
t h e  p a r t i a l  p r e s s u r e s  o f  each  g a s e o u s  component. 

Mercury, Gemini,  and Apol lo  s p a c e c r a f t  have been  de- 
s i g n e d  t o  p r o v i d e  a p u r e  oxygen a tmosphere  a t  a p r e s s u r e  o f  5 
p s i a .  A d e p a r t u r e  f rom t h a t  a tmosphe re  i n  t h e  C l u s t e r  i s  b e i n g  
c o n s i d e r e d  f o r  two r e a s o n s :  (1) t o  p r e v e n t  p o s s i b l y  h a r m f u l  
p h y s i o l o g i c a l  e f f e c t s  on crew members d u r i n g  e x t e n d e d  m i s s i o n  
d u r a t i o n s ,  and  ( 2 )  t o  r e d u c e  t h e  f i r e  h a z a r d  a s s o c i a t e d  w i t h  a 
p u r e  oxygen envi ronment .  

- P h y s i o l o g i c a l  Requi rements  and System I m p l i c a t i o n s  

The p h y s i o l o g i c a l  s a f e t y  o f  a 5 p s i a  p u r e  O2 a tmosphere  
i s  s t r o n g l y  dependent  on m i s s i o n  d u r a t i o n .  Exposures  o f  humans 
t o  p u r e  oxygen a t  5 p s i a  have been  e x p e r i e n c e d  i n  o r b i t a l  f l i g h t  
f o r  d u r a t i o n s  up t o  1 3 . 8  days  (Gemini 7 )  and i n  ground s i m u l a t i o n  
t e s t s  f o r  d u r a t i o n s  up t o  30 d a y s .  The p h y s i o l o g i c a l  r e s p o n s e  o f  
t e s t  s u b j e c t s  t o  s u c h  e x p o s u r e s  has n o t  been  c o n s i s t e n t  - symptoms 
s u c h  as a u r a l  and p o s s i b l y  pulmonary a t e l e c t a s i s ,  mucous membrane 
i r r i t a t i o n ,  s l i g h t  r e d u c t i o n s  i n  h e m a t o c r i t ,  and p o s s i b l e  changes  
i n  r e n a l  ( k i d n e y )  f u n c t i o n  have ,  however ,  been  r e p o r t e d  i n  some 
cases ( R e f e r e n c e s  1-3); i n  no case were such  symptoms o f  such  
s e v e r i t y  as t o  i n t e r f e r e  w i t h  t h e  normal  comple t ion  o f  a s p a c e  
m i s s i o n .  A p l a n n e d  56-day m i s s i o n  f o r  t h e  crew o f  A A P - 3  i n  con- 
j u n c t i o n  w i t h  t h e  C l u s t e r ,  however , e x c e e d s  by n e a r l y  a f a c t o r '  o f  
2 t h e  l o n g e s t  exposure  ( 3 0  d a y s )  t o  p u r e  oxygen a t  5 p s i a  y e t  
e x p e r i e n c e d  by human s u b j e c t s .  I n  t h e  absence  o f  s i m u l a t i o n s  ex-  
p o s i n g  humans t o  such  a n  a tmosphe re ,  a c o n s e r v a t i v e  a p p r o a c h  
s t r o n g l y  s u g g e s t s  t h e  u s e  o f  a s p a c e c r a f t  envi ronment  more n e a r l y  
r e p r e s e n t a t i v e  o f  t h e  E a r t h ' s  a tmosphe re  i n  c o n j u n c t i o n  w i t h  
g round  s i m u l a t i o n s  employing t h e  a tmosphere  s e l e c t e d .  

A two-gas environment  composed o f  oxygen and n i t r o g e n  
h a s  been  p roposed  by NASA/MM (Refe rence  4 ) .  A t o t a l  p r e s s u r e  o f  
5 p s i a  ( 6 9 %  02, 31% N ) i s  f a v o r e d  f o r  t h e  f o l l o w i n g  r e a s o n s :  

- -  - _ _  ? 
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1. It i s  d e s i r a b l e  t o  have e q u a l  c a b i n  p r e s s u r e s  i n  
e a c h  s p a c e c r a f t  module o f  t h e  C l u s t e r  t o  r e d u c e  
o p e r a t i o n a l  r e s t r i c t i o n s  on crew t r a n s f e r s  between 
modules .  

2 .  To accommodate nominal  c a b i n  p r e s s u r e s  a p p r e c i a b l y  
h i g h e r  t h a n  5 p s i a  would r e q u i r e  s t r u c t u r a l  m o d i f i c a -  
t i o n s  o f  t h e  LM/ATM crew compartment to c o n t a i n  t h e  
i n c r e a s e d  p r e s s u r e  and might  r e q u i r e  a similar s t r u c -  
t u r a l  m o d i f i c a t i o n  o r  r e - q u a l i f i c a t i o n  t e s t i n g  o f  t h e  
CM p r e s s u r e  h u l l .  

3 .  D e p r e s s u r i z a t i o n  from a n  0 - N2 c a b i n  a tmosphere  to 2 
a p u r e  oxygen s p a c e s u i t  a tmosphere  ( 3 . 7  t o  3 .9  p s i a )  
d u r i n g  normal  or emergency o p e r a t i o n s  i n c u r s  an  i n -  
c r e a s i n g  r i s k  of d y s b a r i s m  (decompress ion  s i c k n e s s )  
as t h e  p r e s s u r e  d i f f e r e n t i a l  between s u i t  and c a b i n  
i n c r e a s e s . "  

An e x p e r i m e n t a l  e x p o s u r e  o f  f o u r  human t e s t  s u b j e c t s  t o  a 68.2% 
oxygen,  28.7% he l ium a tmosphere  a t  a t o t a l  p r e s s u r e  o f  5 p s i a  
for 56 d a y s  i n d i c a t e d  t h a t  a t  no t i m e  were t h e r e  any c l i n i c a l  
d i s t u r b a n c e s  t h a t  m i g h t  have p r e v e n t e d  t h e  c o m p l e t i o n  o f  a s p a c e  
m i s s i o n  ( R e f e r e n c e s  5 -9 ) .  The w r i t e r  i s  n o t  aware o f  any com- 
p a r a b l e  t e s t s  conducted  t o  da te  u s i n g  n i t r o g e n  as an  i n e r t  
a t m o s p h e r i c  d i i u e n t .  

F i r e  Hazard Due t o  Meteoro id  P e n e t r a t i o n  o f  t h e  Workshop 

s i b i l i t y  o f  a c o n f l a g r a t i o n  i n  an  oxygen-r ich  or t 'purel l  oxygen 
a tmosphe re  has been  a s o u r c e  o f  c o n c e r n  f o r  some t i m e .  P o t e n t i a l  
mechanisms f o r  t h e  i g n i t i o n  of  f i r e  i n c l u d e  e l e c t r o s t a t i c  s p a r k s ,  
c o n t a c t  w i t h  h o t  s u r f a c e s ,  and m e t e o r o i d  p e n e t r a t i o n s .  

I n  a d d i t i o n  t o  p h y s i o l o g i c a l  c o n s i d e r a t i o n s ,  t h e  pos-  

A t t e m p t s  have been made t o  s i m u l a t e  t h e  f i r e  h a z a r d  
a s s o c i a t e d  w i t h  m e t e o r o i d  p e n t r a t i o n s .  S t u d i e s  conducted  a t  
t h e  Ling-Temco Vought Company i n c l u d e d  bombardment o f  t e s t  
chambers  ( 0 . 0 7 "  aluminum w a l l s )  w i t h  aluminum p a r t i c l e s  Q 1 0  
m i c r o n s  i n  diameter a t  s p e e d s  up to 20 Km/sec. Impact  r e s u l t e d  
i n  l o c a l  m e l t i n g  and v a p o r i z a t i o n  o f  t h e  chamber wal l ;  p e n e t r a -  
t i o n  o f  t h e  wall  i n t r o d u c e d  mol t en  and v a p o r i z e d  aluminum i n t o  
t h e  t e s t  chamber w i t h i n  wh ich  e x p l o s i v e  o x i d a t i o n  o c c u r r e d  i n  

"Less t h a n  1% o f  a n  a s t r o n a u t  p o p u l a t i o n  would be  e x p e c t e d  
t o  e x p e r i e n c e  symptoms o f  decompress ion  s i c k n e s s  f o r  a c a b i n  
p r e s s u r e  of 5 p s i a  (Refe rence  4 ) .  



. 
BELLCOMM, I N C .  -3- 

f lashes  e x t e n d i n g  up t o  8 i n c h e s  f rom t h e  w a l l .  The peak  f l a s h  
i n t e n s i t y  v a r i e d  w i t h  t h e  chemica l  c o m p o s i t i o n  o f  t h e  a tmosphe re  
w i t h i n  t h e  chamber:  f o r  a s t a n d a r d  a t m o s p h e r i c  c o m p o s i t i o n  a t  
sea l e v e l  p r e s s u r e ,  f l a s h  i n t e n s i t y  was r e p o r t e d  as o n l y  15% o f  
t h e  i n t e n s i t y  f o r  a p u r e  oxygen a tmosphere  a t  5 p s i a  ( R e f e r e n c e  
10). 

Tests  conducted  by MSFC have  shown t h a t  coupons o f  t h e  
p o l y u r e t h a n e  foam i n s u l a t i o n  u s e d  t o  l i n e  t h e  S-IVB hydrogen  
t a n k  ( O r b i t a l  Workshop) w i l l  b u r n  i n  a 5 p s i a  oxygen envi ronment  
when s t r u c k  w i t h  a 1/8" d i a m e t e r  aluminum p e l l e t  a t  s p e e d s  be- 
tween  17 ,000  and 27,000 f t / s e c .  ( R e f e r e n c e  11). The p r o b a b i l i t y  
of a m e t e o r o i d  p e n e t r a t i o n  of t h e  S-IVB Workshop d u r i n g  a 28-day 
m i s s i o n  h a s  been e s t i m a t e d  t o  b e  0.0077.*  I f  a p e n e t r a t i o n  i s  
assumed t o  be  a c a t a s t r o p h i c  e v e n t  due t o  f i r e  h a z a r d ,  t h e  
A p o l l o  g o a l  of no more t h a n  a 0.01** p r o b a b i l i t y  m e t e o r o i d  
h a z a r d  i s  n o t  m e t  f o r  m i s s i o n s  e x c e e d i n g  36 .3  d a y s .  T h e r e f o r e ,  
w i t h  r e g a r d  t o  t h e  f i r e  h a z a r d  r e s u l t i n g  from a m e t e o r o i d  
p e n e t r a t i o n ,  t h e  Apo l lo  r e l i a b i l i t y  g o a l  i s  m e t  by t h e  Workshop 
f o r  AAP 1/2 b u t  i s  n o t  met f o r  AAP 3/4. 

Two s o l u t i o n s  t o  t h e  p o s s i b l e  problem o f  a f i r e  h a z a r d  
r e s u l t i n g  f rom a m e t e o r o i d  p e n e t r a t i o n  have been  c o n s i d e r e d :  

1. Add a f i r e - r e t a rdan t  c o a t i n g  t o  t h e  p r e s e n t  3 - I V B  
LH, t a n k  i n t e r f o r  wall t o  r e d u c e  or e l i m i n a t e  t h e  

f i r e  h a z a r d  i n  t h e  e v e n t  o f  a m e t e o r o i d  p e n e t r a t i o n  
( R e f e r e n c e  11). 

L 

2 .  Add a m e t e o r o i d  b.umper t o  t h e  Workshop t o  r e d u c e  
t h e  p r o b a b i l i t y  of a p e n e t r a t i o n  t o  an a c c e p t a b l e  
l e v e l  f o r  p l a n n e d  m i s s i o n  d u r a t i o n s  ( R e f e r e n c e  11). 

The a l t e r n a t i v e s  of p r o v i d i n g  a f i r e - r e t a r d a n t  l i n i n g  
o r  a m e t e o r o i d  s h i e l d  f o r  t h e  Workshop have  been  e x p l o r e d  by 
MSFC. 
KAPTON, Dynatherm-65, and aluminum f o i l  have  been  conduc ted  t o  
d e t e r m i n e  t h e i r  d e g r e e  o f  e f f e c t i v e n e s s  as f i r e - r e t a r d a n t s  i n  
t h e  e v e n t  of  a m e t e o r o i d  p e n e t r a t i o n .  Each c o a t i n g  h a s ,  
however ,  i n d i c a t e d  some d e g r e e  of  c o m b u s t i b i l i t y .  Assuming 
t h e  v a l i d i t y  o f  m e t e o r o i d  p e n e t r a t i o n  p r o b a b i l i t i e s  q u o t e d  

Tests  o f  s i m u l a t e d  S-IVB LH2 t a n k  walls c o a t e d  w i t h  

*Based on R e f e r e n c e  1 2 .  

**Reference  13, S e c t i o n  3 .1 .3 .3 .2 .  
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above ,  t h e  a l t e r n a t i v e  o f  a m e t e o r o i d  s h i e l d  a p p e a r s  t o  o f f e r  
more a s s u r a n c e  a g a i n s t  f i r e  induced  by k e t e o r o i d  p e n e t r a t i o n s  
t h a n  a n  i n t e r n a l  f i r e  r e t a r d a n t  c o a t i n g . *  Assuming t h a t  we igh t  
margins on AAP-2 p e r m i t  t he  i n s t a l l a t i o n  o f  a m e t e o r o i d  bumper, 
t h e  f i r e  h a z a r d  due t o  p e n e t r a t i o n s  can  b e  k e p t  w i t h i n  t h e  
r e l i a b i l i t y  g o a l s  o f  t h e  Apol lo  s p a c e c r a f t .  

A s  d i s c u s s e d  above ,  p o t e n t i a l  f i r e - i g n i t i o n  mechanisms 
s u c h  as e l e c t r o s t a t i c  s p a r k s  or abnorma l ly  h o t  s u r f a c e s  may o c c u r  
i n  a d d i t i o n  t o  m e t e o r o i d  p e n e t r a t i o n s .  S i n c e  any a tmosphere  
c a p a b l e  of  s u p p o r t i n g  human l i f e  w i l l  s u p p o r t  combust ion  t o  some 
d e g r e e ,  t h e  f i r e  h a z a r d  on.manned s p a c e c r a f t  canno t  be e l i m i n a t e d  
c o m p l e t e l y .  It c a n ,  however,  b e  minimized by c a r e f u l  s e l e c t i o n  
o f  materials and r i g o r o u s  ground t e s t i n g  o f  s p a c e c r a f t  sys t ems  
and t h e  s p a c e c r a f t  i t s e l f .  

ECS Hardware M o d i f i c a t i o n  and Consumables 

Dur ing  A A P  3 / 4 ,  t h r e e  independen t  e n v i r o n m e n t a l  c o n t r o l  
s y s t e m s  w i l l  be o p e r a t i n g  w i t h i n  t h e  C l u s t e r .  Without  m o d i f i c a -  
t i o n ,  t h e  LM and CM ECS's w i l l  m a i n t a i n  a nominal  t o t a l  p r e s s u r e  
o f  5 p s i a  w i t h i n  t h e i r  r e s p e c t i v e  crew compartments  by s u p p l y i n g  
oxygen o r  v e n t i n g  c a b i n  a tmosphe res  o v e r b o a r d .  To a v o i d  m o d i f i -  
c a t i o n  o f  t h o s e  e n v i r o n m e n t a l  c o n t r o l  sys t ems  i t  has been  p ro -  
posed  t o  s u p p l y  n i t r o g e n  and m a i n t a i n  r e q u i r e d  p a r t i a l  p r e s s u r e s  
u s i n g  t h e  A i r l o c k  Module ECS. 

The A i r l o c k  Module u n d e r  d e s i g n  s i n c e  A p r i l  1966 em- 
p l o y s  a m o d i f i e d  Gemini ECS t o  s u p p l y  p u r e  oxygen and t o  m a i n t a i n  
a t o t a l  c a b i n  p r e s s u r e  o f  5 p s i a  ( R e f e r e n c e s  14-15) .  A s o - c a l l e d  
" n i t r o g e n  o v e r l a y "  added t o  t h i s  ECS c o u l d  p r o v i d e  n i t r o g e n  
d i r e c t l y  t o  t h e  A i r l o c k  Module, M u l t i p l e  Docking Adapter  and Work- 
shop .  Oxygen p a r t i a l  p r e s s u r e  s e n s o r s  and c o n t r o l s  added t o  t h e  
ECS would t h e n  m o n i t o r  and m a i n t a i n  t h e  PO2. 

Al though t h e  CM and LM/ATM e n v i r o n m e n t a l  c o n t r o l  s y s -  
t e m s  are  one-gas s y s t e m s ,  crew t r a n s f e r s  between modules w i l l  
i n t r o d u c e  n i t r o g e n  th roughou t  a l l  p r e s s u r i z e d  components o f  t h e  
C l u s t e r .  T h i s  w i l l  o c c u r  whe the r  or n o t  t h e  MDA/CM and MDA/LM- 
ATM h a t c h e s  are norma l ly  c l o s e d  or n o r m a l l y  open ,  ?f e q u a l  c a b i n  
p r e s s u r e s  a re  u s e d  t h r o u g h o u t  t h e  C l u s t e r ,  t h e  p a r t i a l  p r e s s u r e  
o f  N i t r o g e n  (PN2)  w i l l  n o t  exceed  t h e  PN2 i n  t h e  AM/Workshop/MDA. 

* S p a l l e d  p a r t i c l e s  r e s u l t i n g  from a m e t e o r o i d  impact  are  ex- 
p e c t e d  t o  b e  "co ld"  f r agmen t s  t h a t  w i l l  n o t  c r e a t e  a d i r e c t  f i r e  
h a z a r d .  They may, however,  c a u s e  impact  i n j u r i e s  t o  crew members. 
The p r o b a b i l i t y  o f  " s p a l l i n g f f  i m p a c t s  a g a i n s t  t h e  Workshop i s  .038 
f o r  a 28-day m i s s i o n  and 0 . 0 7 7  f o r  a 56-day m i s s i o n  ( R e f e r e n c e  1 2 ) .  
T h e s e  r e l a t i v e l y  h i g h  p r o b a b i l i t i e s  a r e  an  added i n c e n t i v e  t o  pro-  
v i d e  a m e t e o r o i d  bumper f o r  t h e  workshop. 
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Two d i f f e r e n t  approaches  t o  c o n t r o l l i n g  t h e  p a r t i a l  
p r e s s u r e s  of oxygen and n i t r o g e n  have  been  p roposed .  The f i r s t  
would employ manual m o n i t o r i n g  and c o n t r o l  o f  t h e  O2 p a r t i a l  
p r e s s u r e .  The second  r e l i e s  on c o n t i n u o u s  a u t o m a t i c  m o n i t o r i n g  
and c o n t r o l  w i t h  an  a p p r o p r i a t e  warn ing  d e v i c e  i n  c a s e  o f  m a l -  
f u n c t i o n  and p r o v i s i o n  f o r  a manual o v e r r i d e  o f  t h e  a u t o m a t i c  
s y s t e m .  Use o f  t h e  manual s y s t e m  i m p l i e s  p e r i o d i c  r e p l e n i s h m e n t  
( Q  once  p e r  d a y )  of n i t r o g e n  i n  t h e  a tmosphere  t o  r e p l a c e  l o s s e s  
due t o  l e a k a g e .  

N i t r o g e n  is n o t  consumed m e t a b o l i c a l l y :  t h e r e f o r e  N 2  
r e q u i r e m e n t s  d e r i v e  s o l e l y  from i n i t i a l  p r e s s u r i z a t i o n  r e q u i r e -  
ments  and l e a k a g e .  McDonnell* has e s t i m a t e d  t h a t  578 l b s  o f  N 2  
would b e  r e q u i r e d  d u r i n g  A A P  3/11 ( see  T a b l e  1). Although no 
p h y s i o l o g i c a l  r e q u i r e m e n t  ex i s t s  f o r  a two-gas a tmosphe re  on 
AAP 1 / 2 ,  i t  may be d e s i r a b l e  t o  p r o v i d e  one t o  a l l o w  a 28-day 
o p e r a t i o n a l  t e s t  o f  t h e  two-gas ECS b e f o r e  r e l y i n g  on i t  f o r  
56 d a y s  d u r i n g  AAP 3/4.  
b o t h  AAP 1 / 2  and 3/4,  a t o t a l  o f  935 l b s  o f  n i t r o g e n  w i l l  b e  
r e q u i r e d .  

If a two-gas a tmosphere  i s  u s e d  d u r i n g  

Assuming a d e q u a t e  pay load  m a r g i n s ,  t h i s  t o t a l  r e q u i r e -  
ment can  b e  l aunched  on AAP-2 i f  s t o r e d  i n  ambient  p r e s s u r e  
v e s s e l s .  

The two most l i k e l y  c a n d i d a t e  s t o r a g e  v e s s e l s  a v a i l a b l e  
f rom Apol lo  s p a c e c r a f t  are t h e  Block  I and Block I1 SPS h e l i u m  
p r e s s u r i z a t i o n  t a n k s .  Tab le  2 i n d i c a t e s  a compar ison  o f  t h o s e  
t a n k s  f o r  AAP 3/4 r e q u i r e m e n t s  o n l y ,  and for t h e  combined re- 
q u i r e m e n t s  o f  AAP 1 / 2  and 3/4. I n  b o t h  c a s e s  t h e  Block I t a n k s  
y i e l d  lower  w e i g h t s  f o r  t h e  n i t r o g e n  o v e r l a y .  The t o t a l  we igh t  
o f  n i t r o g e n  and t a n k s  f o r  AAP 3/4 a l o n e  i s  1362 l b s ;  for AAP 1 / 2  
and  3/4 t h e  r e q u i r e d  n i t r o g e n - p l u s - t a n k  we igh t  i s  2 1 1 1  l b s .  
T h e r e f o r e  a two-gas atmosphere can  b e  p r o v i d e d  for b o t h  m i s s i o n s  
by i n c u r r i n g  a we igh t  p e n a l t y  on AAP-2 o f  749 l b s  above t h e  N2 

r e q u i r e m e n t  f o r  A A P  3/4 a l o n e .  

1022-DJB-mef 

At t achmen t s  
T a b l e s  1 and 2 
R e f e r e n c e s  

copy t o  
(see n e x t  p a g e )  

*Refe rence  1 6  
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copy t o  
Messrs. J .  H.  D i she r  - NASA/MLD .L 

J .  A. Edwards - NASA/MLO 
1'. E. Hanes - NASA/MLA 
C. W.  Mathews - NASA/ML 
E. J. McLaughlin - NASA/MM 
M. Savage - NASA/MLT 
W. B. Tay lo r  - NASA/MLA 

F. G.  Al len 
G .  M. Anderson b 

B. F. Brown 
D.  R .  Hagner 
P. L. Havens te in  
W.  C .  H i t t i n g e r  
B. T. Howard 
P. R.  Knaff 
A .  N .  Kon ta ra tos  
K .  E. M a r t e r s t e c k  
R. K .  McFarland 
J .  Z .  Menard 
I. D. Nehama 
G.  T.  Orrok 
I. M. Ross 
W .  S t r a c k  
T. H .  Thompson 

A l l  Members Department 1 0 2 1 ,  1 0 2 2  
Department 1 0 2 3  
Central  F i l e  
L i b r a r y  

n T 1.r- _ _  - -- n. b. W C L ~ I C L -  
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TABLE 1 

N i t r o g e n  Requ i remen t s  for A A P  1 / 2  and  3/4 

AAP 1 / 2  AAP 3/4 
- c _  ( 2 8  Days) ( 5 6  D a y s )  

Workshop I n i t i a l  P r e s s u r i z a t i o n  136 l b s  136 l b s  

Leakage 205 l b s  410 l b s  

A i r l o c k  R e p r e s s u r i z a t i o n s  for EVA 1 6  l b s *  32  l b s *  - 

Mission T o t a l s  357 I b s  578 l b s  

*Assumes 15  EVA'S for AAP 1 / 2  and 30 f o r  A A P  3/4. 
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TABLE 2 

Nit rogen  Tankage Requirements  

Candidate  Tanks Block I SPS He Block I1 SPS He 

Tank Volume 

Opera t ing  P res su re  

3 3 20  f t  s p h e r i c a l  20  f t  s p h e r i c a l  

4400  p s i a  3500 p s i a  

Usefu l  Ni t rogen  p e r  Tank 326 l b s  269 l b s  

Tank Dry Weight 392 l b s  335 I b s  

Ni t rogen  Required 

A A P  1 / 2  and 3/4 
A M  1/2 z n l y  

Number Tanks Required 
A A P  3/4 only 
AAP 1 / 2  and 3/4 

Requi red  Ni t rogen  P l u s  Tank 
Weight 

AAP 3/4 only 
AAP 1 / 2  and 3.14 

2 

3 

1362 l b s  

2 1 1 1  l b s  

3 
4 

1583 l b s  

2275 l b s  
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